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WKHJDPLQJJURXSRI'HOIW8QLYHUVLW\RI7HFKQRORJ\ZDV
DVNHGWRLQWURGXFHJDPLQJVLPXODWLRQPHWKRGRORJ\DW3UR5DLOWKH1HWKHUODQGV¶UDLOLQIUDVWUXFWXUHPDQDJHUWR
VXSSRUWLQQRYDWLRQSURMHFWV7KUHHLQLWLDOWULDOSURMHFWVUDQVRVXFFHVVIXOWKDWWKHRUJDQL]DWLRQDVNHGWKH'HOIW
UHVHDUFKHUVWRLGHQWLI\ZKHUHLQWKHRUJDQL]DWLRQODUJHVFDOHLPSOHPHQWDWLRQRIJDPLQJVLPXODWLRQPHWKRGRORJ\
ZRXOGEHPRVWSURPLVLQJ%DVHGXSRQDVHULHVRILQWHUYLHZVWKURXJKWKHRUJDQL]DWLRQ3UR5DLODQG78'HOIWMRLQWO\
IRUPXODWHGDIRXU\HDUUHVHDUFKDQGLPSOHPHQWDWLRQSURSRVDOWKDWLVQRZLQRSHUDWLRQ7KHILUVWJDPLQJVHVVLRQLQ
WKLVQHZFROODERUDWLRQSURYHGWKHHVVHQFHRIWKHILWRIJDPLQJVLPXODWLRQIRULQQRYDWLRQDWWKH'XWFKUDLOZD\V
8QLTXHIRUJDPLQJVLPXODWLRQLVWKHKLJKO\GHWDLOHGVLPXODWLRQRIERWKWKHPRUHWHFKQLFDODQGSURFHVVYDULDEOHVRI
UDLOLQIUDVWUXFWXUHVDVWKHGHFLVLRQDQGFRPPXQLFDWLRQIXQFWLRQRIUHDOSHRSOHLQWKHLUUHDOUROHV7KHPHWKRGGRHVQRW
DVVXPHPRGHOVRIGHFLVLRQPDNLQJEXWGUDZVXSRQWKHUHDOZRUOGNQRZOHGJHRISURIHVVLRQDOVLQWKHRSHUDWLRQ7KH
SDSHUJLYHVOHVVRQVOHDUQHGRQPHWKRGRORJLFDOFKDOOHQJHVUHVXOWLQJIURPWKHIRXUSURMHFWVGHVFULEHG


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VXFFHVVRIWKH'XWFKUDLOLQIUDVWUXFWXUHIRUVRFLHW\7KH3UR5DLORUJDQL]DWLRQORRNVLQWRJDPLQJVLPXODWLRQ
DVDNH\PHWKRGWRLPSURYHWKHLQQRYDWLRQSURFHVV
,Q WKH\HDUV WKHJDPLQJJURXSRI'HOIW8QLYHUVLW\RI7HFKQRORJ\ZDVDVNHG WRIDFLOLWDWH WKUHH
SURMHFWV XVLQJ JDPLQJ VLPXODWLRQ PHWKRGRORJ\ 7KHVH SURMHFWV UDQ VR VXFFHVVIXO WKDW WKH RUJDQL]DWLRQ
DVNHG WKH'HOIW UHVHDUFKHUV WR LGHQWLI\ZKHUH LQ WKHRUJDQL]DWLRQ ODUJHVFDOH LPSOHPHQWDWLRQRI JDPLQJ
VLPXODWLRQ PHWKRGRORJ\ ZRXOG EH PRVW SURPLVLQJ %DVHG XSRQ D VHULHV RI LQWHUYLHZV WKURXJK WKH
RUJDQL]DWLRQ3UR5DLODQG78'HOIWMRLQWO\IRUPXODWHGDIRXU\HDUUHVHDUFKDQGLPSOHPHQWDWLRQSURSRVDO
WKDW LVQRZLQRSHUDWLRQ7KHILUVWJDPLQJVHVVLRQVLQWKLVQHZFROODERUDWLRQKDYHEHHQKHOGDQGUHVXOWV
DUH FRPLQJ LQ ,W ZDV WKH ILUVW JDPLQJ VLPXODWLRQ WKDW UHDOO\ PDGH WKH ELJ MXPS LQ DFFHSWDQFH LQ WKH
RUJDQL]DWLRQ
8QLTXHIRUJDPLQJVLPXODWLRQLVWKHKLJKO\GHWDLOHGVLPXODWLRQRIERWKWHFKQLFDODQGSURFHVVYDULDEOHV
RIUDLOLQIUDVWUXFWXUHVDQGWKHGHFLVLRQDQGFRPPXQLFDWLRQIXQFWLRQRIUHDOSHRSOHLQWKHLUUHDOUROHV7KH
PHWKRG GRHV QRW DVVXPH PRGHOV RI GHFLVLRQPDNLQJ EXW GUDZV XSRQ WKH UHDOZRUOG NQRZOHGJH RI
SURIHVVLRQDOVLQWKHRSHUDWLRQ
3UREOHPGHVFULSWLRQ
,QQRYDWLRQLQWKH'XWFKUDLOZD\VLVRQRQHKDQGPXFKQHHGHGZKLOHRQWKHRWKHUKDQGYHU\FRPSOH[
WR DFKLHYH 7KH  SROLWLFDOO\ LQVWLJDWHG GHEXQGOLQJ RI UDLO LQIUD PDQDJHPHQW 3UR5DLO DQG WUDLQ
VHUYLFHV SUHGRPLQDQWO\ 16 DQG VRPH VPDOOHU UHJLRQDO OLQHV E\ 6\QWXV 9HROLD DR KDV FUHDWHG DQ
RSHUDWLRQDOSURFHVVLQZKLFKPXOWLSOHRIILFHVDQGSODWIRUPOLQHRSHUDWLRQVQHHGWRV\QFKURQL]HWRFRQWURO
WKHGDLO\WUDLQIORZ7KHLQFUHDVLQJLPSRUWDQFHRIUDLOVHUYLFHVIRULQGLYLGXDOSURYLQFHVLQWKH1HWKHUODQGV
KDVOHGWRPXOWLSDUW\WHQGHULQJ9DQGH9HOGHHWDO,QWKLVFRPSOH[PXOWLDFWRUDQGPXOWLOHYHO
HQYLURQPHQWWKHVWUDWHJLFVDIHJXDUGLQJRISXEOLFYDOXHVLQPDQDJLQJRSHUDWLRQVSURRIVRIWHQLPSRVVLEOH
6WHHQKXLVHQHWDO7KHFRPELQDWLRQRIWKHVHHYHQWVDQGWUHQGVOHDGVWRDFKDOOHQJHWRLQQRYDWHRQ
WZRDVSHFWVEHLQJTXDOLW\LQRSHUDWLRQVDQGZD\VWRLQFUHDVHWKHFDSDFLW\
4XDOLW\LQRSHUDWLRQV±5REXVWQHVVDQG5HVLOLHQFH
2YHUWKHSDVWGHFDGHWKHUDLOZD\VLQ7KH1HWKHUODQGVKDYHUHFHLYHGPDMRUFULWLFLVPIRUWKHTXDOLW\RI
LWV RSHUDWLRQV )URP D SROLF\ SHUVSHFWLYH WKLV KDV OHG WR SHUIRUPDQFH FRQWUDFWV IRU ERWK WKHPDLQ WUDLQ
VHUYLFHRSHUDWRU16DQGWKHSXEOLFO\RZQHGLQIUDVWUXFWXUHPDQDJHU3UR5DLO9DQGH9HOGHHWDO
2YHUWKHSDVWGHFDGHWKHSHUIRUPDQFHKDVVHHQLPSURYHPHQWVRQWKHFULWLFDOSHUIRUPDQFHLQGLFDWRUVEXW
VWLOOLWLVQRWUHJDUGHGDVDKLJKTXDOLW\VHUYLFHGXHWRPDQ\VPDOOGHOD\VRYHUO\FURZGHGWUDLQVDQGQRQ
RUPDOLQIRUPHGSDVVHQJHUV7KH UDLO V\VWHPRIWHQ VXIIHUV IURP VPDOO GHIHFWV OHDGLQJ WRELJJHU GHOD\V
ZKHQWKHSUREOHPVVSUHDGOLNHDQRLOVSLOORYHUWKHUHJLRQVDQGOLQHV,IZHGHILQHUREXVWQHVVDVWKHGHJUHH
WRZKLFK D V\VWHP LV FDSDEOH WRZLWKVWDQGSUREOHPVZLWKLQ WKH OLPLWV RI WKHGHVLJQHG V\VWHP WKHQ WKH
UREXVWQHVVRIWKHUDLOZD\VLVTXHVWLRQDEOH
$ORZHUVFRUHRQUREXVWQHVVZRXOGQRWKDYHEHHQVRGHWULPHQWDO LI WKHUDLOZD\VZHUHPRUHUHVLOLHQW
+ROOQDJHO HW DO  GHILQH UHVLOLHQFH DV WKH DELOLW\ RI D V\VWHP RU DQ RUJDQL]DWLRQ WR UHDFW WR DQG
UHFRYHUIURPGLVWXUEDQFHVDWDQHDUO\VWDJHZLWKPLQLPDOHIIHFWRQWKHG\QDPLFVWDELOLW\7KHFKDOOHQJHV
WR V\VWHPVDIHW\FRPH IURP LQVWDELOLW\ DQG UHVLOLHQFHHQJLQHHULQJ LVDQH[SUHVVLRQRI WKHPHWKRGVDQG
SULQFLSOHVWKDWSUHYHQWWKLVIURPWDNLQJSODFH)XUWKHUPRUHWKHUHFHQW\HDUVKDYHVKRZQWKDWVQRZVWRUPV
QDWLRQDO IHVWLYLWLHV DQG RWKHU RXWOLHUV LQ WKH VLWXDWLRQ IRUZKLFK WKH V\VWHP LV QRW VSHFLILFDOO\ GHVLJQHG
FDXVHWRWDORUDWEHVWSDUWLDOFROODSVHRIWKHQDWLRQDOV\VWHPDVVRRQDVVPDOOSUREOHPVVWDUWWRRFFXU7KLV
KDV OHG WR 3DUOLDPHQWDU\ ,QYHVWLJDWLRQ 5HNHQNDPHU  $FFRUGLQJ WR +DOH DQG +HLMHU 
UDLOZD\VIURPWKHLUDVVHVVPHQWRIVDIHW\RSHUDWLRQVDWWKH'XWFK5DLOZD\VZRXOGVHHPWREHH[DPSOHVRI
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SRRU RU DW EHVW PL[HG UHVLOLHQFH ZKLFK FDQ KRZHYHU VWLOO DFKLHYH KLJK OHYHOV RI VDIHW\ DW OHDVW LQ
FHUWDLQ DUHDV RI WKHLU RSHUDWLRQV +HQFH VDIHW\ LV DFKLHYHG E\ VDFULILFLQJ JRDOV WUDIILF YROXPH DQG
SXQFWXDOLW\7KHV\VWHPGRHVQRWDFKLHYHDOOLWVJRDOVVLPXOWDQHRXVO\DQGIOH[LEO\DQGLVQRWUHVLOLHQW
&DSDFLW\LQFUHDVHV
7KH'XWFKUDLOZD\VHFWRUZLOOIDFHDPDVVLYHJURZWKRIWUDQVSRUWGHPDQGLQWKHIRUWKFRPLQJGHFDGH
7KLVJURZWKLVERWKH[SHFWHGLQSDVVHQJHUDQGLQIUHLJKWWUDQVSRUW&XUUHQWO\WKH'XWFKUDLOZD\QHWZRUN
LV RQH RI WKH PRVW GHQVHO\ XVHG QHWZRUNV LQ WKH ZRUOG DSSURDFKLQJ LWV PD[LPXP FDSDFLW\ JLYHQ WKH
FXUUHQWLQIUDVWUXFWXUHDQGFRQWUROPHFKDQLVPV7KHSURMHFWHGLQFUHDVHLQGHPDQGUHTXLUHVDVWHSFKDQJH
LQERWKWKHSK\VLFDODQGFRQWURODVSHFWVRIWKHUDLOZD\V3UR5DLOIRUPXODWHGDQDPELWLRXVSURJUDPFDOOHG
µ5RRPRQWKH5DLOZD\V´5XLPWHRSGH5DLOVLQ'XWFKWRLQFUHDVHWKHQXPEHURIWUDLQVRQWKHQHWZRUN
E\EHIRUHWKH\HDU2QHRIWKHPDMRUFRPSRQHQWVRIWKLVSURJUDPLVWKHSODQIRUKLJKIUHTXHQF\
SDVVHQJHUWUDLQVRQWKHPDMRUFRUULGRUV&XUUHQWO\WKHUHDUHRQDYHUDJHLQWHUFLW\WRORFDODQGRU
IUHLJKW WUDLQVSHUKRXURQ WKHPDMRUFRUULGRUV7KLV VKRXOG LQFUHDVH WR LQWHUFLW\ ORFDODQG IUHLJKW
WUDLQVEHIRUH7KLVQHZIUHTXHQF\RIWUDLQVLVRIWHQFDOOHGµXQWLPHWDEOHGWUDYHOOLQJ´DVWKHSDVVHQJHU
FDQMXVWJRWRDVWDWLRQZLWKRXWFKHFNLQJGHSDUWXUHWLPHVWKHQH[WWUDLQZLOOEHWKHUHVRRQ7KHRIILFLDO
WLWOHRIWKHVFKHGXOHLV+LJK)UHTXHQF\7UDLQ7UDQVSRUW
7KHSURMHFWHGLQFUHDVHRIFDSDFLW\FDQQRWEHDFKLHYHGE\EXLOGLQJQHZLQIUDVWUXFWXUHDORQHWKHFRVWV
IRUWKHFRPSOHWHSURJUDPZRXOGEHDURXQGELOOLRQHXURDQGWKHWLPHIRUSURFHGXUHVDQGFRQVWUXFWLRQ
ZRXOGIUXVWUDWH WKH WUDQVSRUWGHPDQGIRU\HDUV3UR5DLOKDV WDNHQXS WKHFKDOOHQJH WRDFKLHYH WKHJRDOV
ZLWKRQO\KDOIRIWKLVEXGJHWE\FRPELQLQJVWUDWHJLFFKRLFHVIRUQHZLQIUDVWUXFWXUHZLWKQHZFRQWURODQG
PDQDJHPHQWVROXWLRQV
*DPLQJVLPXODWLRQIRUSURFHVVLQQRYDWLRQ
*DPLQJVLPXODWLRQKHUHGHILQHGDVµVLPXODWLQJDV\VWHPWKURXJKJDPLQJPHWKRGV¶LVRQHRIWKHWHUPV
LQ D ORRVHO\GHPDUFDWHG ILHOGRI LQWHUDFWLYHSDUWLFLSDWRU\ DFWLYLWLHV DLPLQJ WR LQYROYHSDUWLFLSDQWVZKR
PD\EH WKH UHDO VWDNHKROGHUV LQDQDFWLYLW\2WKHU WHUPVXVHGDUH VLPXODWLRQJDPHSROLF\H[HUFLVHDQG
VHULRXVJDPLQJ7KHZRUGJDPLQJZLOOEHXVHGKHUHDV WKHVKRUW WHUPIRUJDPLQJVLPXODWLRQ'LIIHUHQW
DXWKRUV KDYH GLIIHUHQW SUHIHUHQFHV EXW JHQHUDOO\ WKH WHUPV GHSHQG RQ WKH LQWHQGHG XVH RI WKHPHWKRG
*LYHQWKHQXPEHURIJDPLQJWLWOHVDQGVFLHQWLILFSXEOLFDWLRQVWKHXVHRIJDPLQJPHWKRGVIRUOHDUQLQJLV
WKH PRVW SRSXODU E\ IDU W\SLFDOO\ RFFXS\LQJ µVHULRXV JDPLQJ¶ DQG µVLPXODWLRQ JDPH¶ IRU XVXDOO\
FRPSXWHUVXSSRUWHGJDPHV WKDWSODFH WKHSOD\HU LQDVLPXODWHGZRUOG%HNHEUHGHDQG0D\HU'H
)UHLWDVDQG0DUWLQ.UL]DQG+HQVH/HDUQLQJDERXWLQQRYDWLRQLQJDPHVLVDSRSXODUWRSLF
IRU0%$VW\OHYHUVLRQVW\SLFDOO\UHODWHGWRPDUNHWVDQGVXSSO\FKDLQV0HLMHUHWDO0HLMHU
,QWKHZRUOGRISROLF\PDNLQJWKHUHLVKDOIDFHQWXU\RIKLVWRU\LQXVLQJJDPLQJDVDQLQWHUYHQWLRQWR
EULQJ WRJHWKHU SROLF\ PDNHUV DQG RWKHU VWDNHKROGHUV LQ SDUWLFLSDWRU\ HYHQWV *DPHV SURYLGH D ZD\ WR
FROOHFWLYHO\GHFLGHILUVWO\RQWKHV\VWHPERXQGDULHVDQGVHFRQGO\RQWKHG\QDPLFVRIWKHV\VWHPWKDWZLOO
EHSOD\HG7KHQSROLFLHVFDQEHIRUPXODWHGLQWKLVVLPXODWHGHQYLURQPHQW'XNH'XNHDQG*HXUWV
0D\HU 7KLV DSSURDFK UHOLHV RQ'XNH DQG*HXUWV¶ &¶VRI JDPLQJ VLPXODWLRQ IRU
LPSURYLQJ SROLF\ PDNLQJ QDPHO\ E\ XQGHUVWDQGLQJ WKH &RPSOH[LW\ HQKDQFLQJ &UHDWLYLW\ HQDEOLQJ
&RPPXQLFDWLRQUHDFKLQJ&RQVHQVXVDQG&RPPLWPHQWWRDFWLRQ
,QFUHDVLQJO\SRSXODULV WKHSRVVLELOLW\ WRWU\RXWWKHHIIHFWRISROLFLHVRQDVLPXODWHGV\VWHPDQGVHH
ZKHWKHULQQRYDWLRQLQUROHVUXOHVREMHFWLYHVDQGFRQVWUDLQWVFDQEHPDGH7KLVDSSURDFKDOWKRXJKYHU\
UHOHYDQWIRUSROLF\PDNLQJLVDFWXDOO\DWKLUGXVHRIJDPLQJIRUWHVWLQJK\SRWKHVHV3HWHUVHWDO
7KLVDSSOLFDWLRQLVOHVVFRPPRQDQGSXWVJUHDWHPSKDVLVRQWKHYHULILFDWLRQDQGYDOLGDWLRQRIWKHJDPLQJ
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VLPXODWLRQ.ODEEHUV1R\HWDO0HLMHU)RULQQRYDWLRQDW3UR5DLOWKLVXVHLVDW
WKHFRUHRIWKHUHDVRQLQJEHKLQGFKRRVLQJJDPLQJVLPXODWLRQDVDQHZPHWKRGLQUHGXFLQJXQFHUWDLQW\LQ
PRUHFRPSOH[V\VWHPOHYHOFKDQJHV
$ IRXUWK XVH WKDW LV HPHUJLQJ LV OLQNHG WR WKH JDPLILFDWLRQ RI VRFLHW\ +LOWEUDQG DQG%XUNH 
,QQRYDWLRQFDQWDNHSODFHWKURXJKJDPHSOD\LI WKHLQFHQWLYHVDUHVXFKWKDW WKHFURZGFDQJHQHUDWHDQG
LPSOHPHQWWKHLULGHDVLQDV\VWHP)HZVFLHQWLILFOLWHUDWXUHRQWKLVH[LVWVDVRI\HWEXWH[DPSOHVDUH8.
LQQRYDWLRQLQSHQVLRQV*DUWQHUFURZGVRXUFLQJRILGHDVLQDQLQVXUDQFHFRPSDQ\%HNHEUHGHDQG
0HLMHU)RUWKFRPLQJ
&RQYLQFHPHQWWKURXJKFDVHV
)URP WKH ODXQFK RI WKH LQLWLDO SURMHFW 3UR5DLO IRUPXODWHG WKUHH SUHOLPLQDU\ FDVHV WR VWXG\ XVLQJ
JDPLQJVLPXODWLRQ78'HOIWZDVWRGHYHORSHGXQLTXHDSSURDFKHVIRUHDFKRIWKHVHFDVHVDIWHUZKLFKWKH
LQLWLDOVXFFHVVRIJDPLQJVLPXODWLRQIRUWKH'XWFK5DLOZD\VZRXOGEHUHHYDOXDWHG7KHFDVHVGLIIHUHGLQ
QDWXUH7KHILUVWZDVDERXWWKHSRWHQWLDOYDOXHRIPDUNHWPHFKDQLVPVIRUPDQDJHPHQWRIGHPDQGRIFDUJR
FDSDFLW\7KLV JDPH FRXOG EH VHHQ DV DPDQDJHPHQW JDPH RQ WKH WDFWLFDO OHYHO 7KH VHFRQG FDVHZDV
DERXWVWXG\LQJDFRQWUROFRQFHSWIRUKLJKIUHTXHQF\WUDLQWUDQVSRUWDWWKH%LMOPHUMXQFWLRQ7KLVJDPHZDV
DW WKHRSHUDWLRQDO OHYHORI WUDLQGLVSDWFKLQJDQGQHWZRUNFRQWURO7KH WKLUGFDVHZDVDERXW WKHRSHQLQJ
UHJLPHV RI WKH EULGJH RYHU WKH ULYHU 9HFKW 7KLV JDPH ZDV SXUHO\ DERXW WUDLQ GLVSDWFKLQJ DW WKH
RSHUDWLRQDOOHYHO
'XULQJ WKHFRXUVHRI WKHVH WKUHHFDVHV WKH VXFFHVVEHFDPHYHU\DSSDUHQW WR WKH VHQLRUPDQDJHPHQW
LQYROYHGDW3UR5DLO7KLVOHGWRDQ,QWHUPH]]RSKDVHDIWHUWKHWKLUGJDPHWRUHIOHFWXSRQWKHUHVXOWVVRIDU
DQGWRLGHQWLI\WKHYDOXHIURPLQWHUYLHZVZLWK3UR5DLOLQWHUQDOVWDNHKROGHUKHOGE\'HOIWUHVHDUFKHUV7KH
ODXQFKRIDODUJHIRXU\HDUSURMHFWZDVPDUNHGE\DNLFNRIIFDVHWKDWFRQYLQFHGWKHODVWVNHSWLFV,QWKH
IROORZLQJVXEVHFWLRQVHDFKRIWKHFDVHVDQGWKHLQWHUPH]]RSKDVHDUHGHVFULEHG
5DLO&DUJR0DUNHW*DPH
7KHILUVWDQGNLFNRIIVXESURMHFWFDOOHG*RHGHUHQPDUNWSODDWV)UHLJKW0DUNHWLQWURGXFHG3UR5DLOWRD
SDSHUEDVHGDQGSDUWO\FRPSXWHUVXSSRUWHGJDPHZLWKDKLJKGHJUHHRIDEVWUDFWLRQ7KLVJDPHW\SHZDV
UHIHUUHGWRDVDPDQDJHPHQWJDPHGXHWRWKHIRFXVRQPRUHDEVWUDFWSROLF\UHODWHGDVSHFWV0RVWRIWKH
SDUWLFLSDQWVZHUHPDQDJHUVZLWKRQHVHVVLRQLQFOXGLQJDVPDOOQXPEHURIQHWZRUNFRQWUROOHUV
7DEOHOLVWVWKHFRUHGHVFULSWLRQRIWKLVJDPHPRUHLQIRUPDWLRQFDQEHIRXQGLQ0HLMHUHWDO

7DEOH&RUHGHVFULSWLRQRI5DLO&DUJR0DUNHW*DPH

&RUHDVSHFW 'HVFULSWLRQ
3XUSRVH 6WXG\LQJWKHSRWHQWLDOYDOXHRIYDULRXVPDUNHWPHFKDQLVPV
IRUEHWWHUFDSDFLW\DOORFDWLRQRIFDUJRSDWKV
5ROHV &OLHQWVZLWKGHPDQGIRUWUDQVSRUW5DLO&DUJR7UDQVSRUWHUV
3DVVHQJHU 7UDQVSRUW 5DLO &DSDFLW\ 3ODQQLQJ 5DLO $VVHW
0DQDJHPHQW
RISOD\HUV ±GHSHQGLQJRQVWHS
2ZQUHDOILFWLWLRXVUROH 5HDO UROH EXW VHOHFWHG IRU NQRZOHGJH IRU LQVWDQFH IURP
SUHYLRXVMRESRVLWLRQ
6FHQDULRV ±VFHQDULRVSHUVHVVLRQ)LUVWVFHQDULRVWKDWH[SORUHGWKH
PRUH IXQGDPHQWDO PDUNHW PHFKDQLVPV 7KHQ VFHQDULRV WR
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YDOLGDWHWKHVXFFHVVIXOFRQILJXUDWLRQV
,QWHUYHQWLRQUDQJH )DFLOLWDWRU FRXOG VWDUW DQG VWRS WKH VFHQDULR DQG GLVVROYH
GLVSXWHVRQO\RQWKHSURFHVVVWHSV
6LPXODWHGZRUOG 6W\OL]HGWUDLQSDWKPDUNHWVW\OL]HGWUDQVSRUWGHPDQG
5RXQGEDVHGFRQWLQXRXV &RQWLQXRXV
RIVHVVLRQV VXEVHTXHQWJDPHVHDFKZLWKVHVVLRQGXULQJIXOOGD\
7\SHRIGDWDJHQHUDWHG 4XDQWLWDWLYH DQG TXDOLWDWLYH WHVWLQJ K\SRWKHVHV DERXW
PHFKDQLVPV WKDW DUH DVVXPHG WR KDYH D FHUWDLQ HIIHFW RQ
FDSDFLW\DOORFDWLRQ
&RQVHTXHQFHV 3ROLF\ IRUPXODWHG EXW SXW RXW RI VFRSH IRU 
SRVVLEOHDSSOLFDWLRQLQ3ROLWLFDOO\YHU\VHQVLWLYH

7KH JDPH VHVVLRQV GHOLYHUHG UHVXOWV WLPHO\ DQG LQ D SRVLWLYH DQG DFWLYHPDQQHU 7KLV JDPH LV VWLOO
UHIHUUHGWRWZR\HDUVODWHULQWKHRUJDQL]DWLRQ,PSRUWDQWWRQRWHIRUWKHLQWURGXFWLRQRIJDPLQJLVWKDWWKLV
SURMHFW KDSSHQHG WR KDYHPDQ\ SHRSOH RQ ERDUG LQ VHQLRU VWDII IXQFWLRQV IURP WZR GLIIHUHQW GLYLVLRQV
7UDIILF&RQWURODQG&DSDFLW\0DQDJHPHQWZKRDSSHDUHGWREHNH\SHRSOHLQODWHUSUREOHPVWKDWFDOOHG
IRU JDPLQJ VLPXODWLRQ PHWKRGRORJ\ 7KH IRXQGDWLRQ LQ WHUPV RI H[SRVXUH WR NH\ SHUVRQQHO WKHUHIRUH
FRXOGQ¶WEHEHWWHU
%LMOPHU-XQFWLRQ*DPH
7KLV VXESURMHFW LQWURGXFHG 3UR5DLO WR D FRPSXWHUEDVHG JDPLQJ VLPXODWLRQ GHYHORSHG RQ 3UR5DLO¶V
RZQ0$75,&6VLPXODWRU9DQ/XLSHQDQG0HLMHU7KLVVLPXODWLRQSXVKHGWKHHQYHORSHLQWHUPV
RIXWLOL]LQJWKHWHFKQLFDOVSHFLILFDWLRQVRI0$75,&67KLVW\SHRIJDPHZDVGHVFULEHGDVDPXOWLSOD\HU
SURFHVVVLPXODWLRQGXHWRLWVGHWDLOHGUHIOHFWLRQRIUHDOOLIHRSHUDWLRQDOSURFHVVHV7KHSDUWLFLSDQWVSOD\D
SUHGHILQHG UROH WKDW LV  LGHQWLFDO WR WKHLU MRE GHVFULSWLRQ WR FDUU\ RXW WKHLU UHDOOLIH GXWLHV LQ D
VLPXODWHGJDPHHQYLURQPHQW7DEOH OLVWV WKH FRUHGHVFULSWLRQRI WKLV JDPH)RU D IXOO GHVFULSWLRQZH
UHIHUWR0HLMHUHWDO
3UR5DLO KDG DVVLJQHG D SURMHFW WHDP WR FRPH WR QHZ FRQWURO DQG VWHHULQJ SURFHGXUHV WKDW VXLWH WKH
IXWXUHUHDOLW\RIKLJKIUHTXHQF\SDVVHQJHUWUDLQV7KHFKDOOHQJHRIWKLVSURMHFWWHDPZDVWRFRPHXSZLWK
QHZFRQFHSWVWKDWZRXOGERWKEHVXSSRUWHGE\WUDLQWUDIILFFRQWUROOHUVDQGQHWZRUNFRQWUROOHUVDQGZRXOG
\LHOGDVWDEOHFRQWUROODEOHFRQWURODQGURXWLQJRSHUDWLRQZKHQSXW LQWRSODFH7KHTXHVWLRQZDVUDLVHG
KRZ WR WHVWQHZFRQWURODQG VWHHULQJFRQFHSWVZKHQ WKHUH LVQRRSWLRQ WR WHVW LQ UHDO OLIH"7KH%LMOPHU
-XQFWLRQ*DPHZDV WDUJHWHG DW WKLV ,Q WKH JDPH WKH LQWHUDFWLRQRI WUDLQGULYHUV WUDIILF FRQWUROOHUV DQG
QHWZRUNFRQWUROOHUVZDVFUXFLDODVVWXGLHGHDUOLHUE\$OEUHFKW

7DEOH&RUHGHVFULSWLRQRI%LMOPHU-XQFWLRQ*DPH

&RUHDVSHFW 'HVFULSWLRQ
3XUSRVH 7HVWLQJDQGYDOLGDWLQJDFRQWUROFRQFHSWIRUKLJKIUHTXHQF\
WUDLQWUDQVSRUW
5ROHV 7UDLQ GULYHU  7UDLQ WUDIILF FRQWUROOHU  1HWZRUN
FRQWUROOHU
RISOD\HUV SOXVIDFLOLWDWRUVDQGH[SHUWV
2ZQUHDOILFWLWLRXVUROH 2ZQUROHSDUWLFLSDQWVHOHFWHGE\WKHLUWHDPOHDGHUV
6FHQDULRV 6FHQDULRVJUDGXDOO\WHVWLQJPRUHFRPSOH[LW\
,QWHUYHQWLRQUDQJH )DFLOLWDWRUV FRXOG VWDUW VWRS DQG SDXVH VFHQDULRV DQG
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LQWHUIHUHZLWKWUDLQGULYHUEHKDYLRU
6LPXODWHGZRUOG 'HWDLOHG LQIUDVWUXFWXUH EHWZHHQ $PVWHUGDP DQG 8WUHFKW
GHWDLOHGWLPHWDEOH
5RXQGEDVHGFRQWLQXRXV &RQWLQXRXV
RIVHVVLRQV IXOOGD\VHVVLRQ
7\SHRIGDWDJHQHUDWHG 4XDQWLWDWLYHIDLOHGDQGTXDOLWDWLYH
&RQVHTXHQFHV 'DWD JHQHUDWHG LQ WKH JDPH \LHOGHG LQVLJKWV LQ NH\
PDWHULDOV DQG UHVRXUFHV QHHGHG IRU LPSOHPHQWDWLRQ RI WKH
FRQWUROFRQFHSWDQGKLJKIUHTXHQF\SODQQLQJLQJHQHUDO

7KH JDPLQJ VLPXODWLRQ VHVVLRQ \LHOGHG LQVLJKWV LQ NH\ PDWHULDOV DQG UHVRXUFHV QHHGHG IRU
LPSOHPHQWDWLRQRIWKHFRQWUROFRQFHSWDQGKLJKIUHTXHQF\SODQQLQJLQJHQHUDO7KHLPSRUWDQFHRIEXIIHU
DUHDV ZLWK VXIILFLHQW VSDFH WR VLGHWUDFN D WUDLQ ZLWKRXW GLVWXUELQJ RWKHU VHUYLFHV SODWIRUPV DVLGHV WKH
HQWLUHWUDLQIRUSDVVHQJHUH[LWDQGDOWHUQDWLYHGHSDUWXUHRSWLRQVIRUDOOSDVVHQJHUVZLWKLQUHDVRQDEOHWLPH
LVDFOHDURXWFRPHIRU3UR5DLO)XUWKHUPRUH WUDLQWUDIILFFRQWUROOHUVGRQRW\HWVHHPWRUHDOL]HZKDWWKH
SURMHFWHGKLJKIUHTXHQF\SODQQLQJZLOOPHDQLQSUDFWLFHIRUWKHLUWUDFNV

$V GHVFULEHG LQ 0HLMHU HW DO  WKLV JDPH ZDV QRW D EUHDNWKURXJK VXFFHVV:H OHDUQHG WKDW
LQYROYLQJ WKH RSHUDWLRQDO SHRSOH LQ WKH RUJDQL]DWLRQ LQ D JDPH WKDW PRGHOHG WKH LQIUDVWUXFWXUH DQG
WLPHWDEOLQJ DV GHWDLOHG DV WKH\ DUH XVHG WR UHTXLUHV LQWHUIDFHV WKDW FRQQHFW WR WKH VLWXDWLRQ DZDUHQHVV
FDSDELOLWLHV RI WKHVH RSHUDWRUV 6LPSOH VDLG HYHQ WKRXJK ZH FKHFNHG RXU DSSURDFK XSIURQW ZLWK WKH
RSHUDWRUV WKH\ ZHUH QRW DEOH WR GR ZKDW WKH\ WKRXJK ZHUH FDSDEOH RI GXH WR GLIIHUHQW YLVXDOL]DWLRQ
/XFNLO\WKHGHEULHILQJDQGGLVFXVVLRQVVWLOO\LHOGHGVXIILFLHQWGDWDRIVXIILFLHQWTXDOLW\IRU3UR5DLOWREH
DEOHWRFRQWULEXWHWRWKHSUREOHPVROYLQJ)RUWKHJDPLQJWHDPWKLVH[SHULHQFHOHGWRWKHGHYHORSPHQWRI
WKHIROORZLQJJDPH
5DLOZD\%ULGJH*DPH
7KH VXESURMHFW5DLOZD\%ULGJH*DPH IRU D EULGJH RYHU WKH ULYHU9HFKW LQWURGXFHG3UR5DLO WR WKH
SURFHVVPDQDJHPHQWJDPHDFRPSXWHUEDVHGJDPLQJVLPXODWLRQIRUZKLFKQHZVRIWZDUHZDVGHYHORSHG
2YHU WKH FRXUVH RI RQH ZHHN YDULRXV WUDLQ WUDIILF FRQWUROOHUV SOD\HG WKLV JDPH LQ D VLQJOHSOD\HU
HQYLURQPHQW XVLQJ D VHULHV RI VFHQDULRV 7KH W\SH RI JDPH ZDV GHVFULEHG DV D VLQJOHSOD\HU SURFHVV
VLPXODWLRQ7DEOHJLYHVWKHFRUHGHVFULSWLRQRIWKLVJDPH0RUHLQIRUPDWLRQFDQEHIRXQGLQ.RUWPDQQ
DQG6HKLF

7DEOH&RUHGHVFULSWLRQRI5DLOZD\%ULGJH*DPH

&RUHDVSHFW 'HVFULSWLRQ
3XUSRVH 6WXG\LQJ D QHZ UHJLPH IRU EULGJH RSHQLQJV RQ WKH EXV\
$PVWHUGDP±$PHUVIRRUWFRUULGRU
5ROHV 7UDLQWUDIILFFRQWUROOHU%ULGJHRSHUDWRUVLPXODWHG
RISOD\HUV 
2ZQUHDOILFWLWLRXVUROH 2ZQUROH
6FHQDULRV  HDFK VXEVHTXHQW GD\ WKH VDPH WUDLQ WUDIILF FRQWUROOHUV
SOD\HGRQHVFHQDULRRILQFUHDVLQJFRPSOH[LW\
,QWHUYHQWLRQUDQJH )DFLOLWDWRUSOD\HGRWKHUUROHV
6LPXODWHGZRUOG 'HWDLOHGLQIUDVWUXFWXUHGHWDLOHGWLPHWDEOH
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5RXQGEDVHGFRQWLQXRXV &RQWLQXRXV
RIVHVVLRQV VHVVLRQIXOOZHHN
7\SHRIGDWDJHQHUDWHG 0DLQO\ TXDQWLWDWLYH PHDVXUHG DFWLRQV DQG WUDLQ
WKURXJKSXWTXHVWLRQQDLUHVDQGTXDOLWDWLYHIURPLQWHUYLHZV
&RQVHTXHQFHV 1RQH DV RI  QHZ JDPH ZLWK LPSURYHG LQWHUIDFLQJ
SODQQHGIRUZLQWHUWHVWLQJPRUHGHWDLOV

7KH 5DLOZD\ %ULGJH *DPH ZDV SRVLWLYHO\ UHFHLYHG ,W OHDUQHG WKDW WKH GUDZEDFNV RI WKH LQWHUIDFH
SUREOHPVLJQDOHGLQWKH%LMOPHU-XQFWLRQ*DPHFRXOGEHRYHUFRPHE\PDNLQJVSHFLDOJDPLQJPRGXOHV
1RZWKHTXHVWLRQLVKRZWRSURFHHGZLWKWKHVHPRGXOHV7KLVLVGLVFXVVHGLQ6HFWLRQ
,QWHUPH]]RUHVXOWVRIVWSKDVH
6R IDU WKH  SLORW SURMHFW FRYHUHG WKUHH VXESURMHFWV WKDW XVHG JDPLQJVLPXODWLRQ WR
LQYHVWLJDWH YDULRXV VROXWLRQ VWUDWHJLHV DQG LQQRYDWLRQ SURMHFWV ZLWK WKH DLP RI LQFUHDVLQJ FDSDFLW\
XWLOL]DWLRQRQWKHUDLOQHWZRUN
7KHUHVHDUFKWHDPWKHQFRQGXFWHGLQWHUYLHZVZLWKLQ3UR5DLOWRHYDOXDWHWKHSLORWSURMHFWDQGLGHQWLI\
WKH RSSRUWXQLWLHV LW SUHVHQWHG ,Q WKHVH LQWHUYLHZV WKH PDQDJHPHQW JDPH ZDV UHSHDWHGO\ GHVFULEHG
SRVLWLYHO\ +RZHYHU WKLV JHQHUDWHG IHZ QHZ LGHDV DV UHJDUGV DSSOLFDELOLW\ 0DQ\ RI WKH LVVXHV
HQFRXQWHUHG ZLWKLQ WKH 3UR5DLO RUJDQL]DWLRQ DUH RSHUDWLRQDO DQG WKXV FDOO IRU OHVV DEVWUDFW IRUPV RI
JDPLQJVLPXODWLRQ
%RWK VLQJOHSOD\HU DQGPXOWLSOD\HU JDPLQJ VLPXODWLRQZHUH UHDGLO\ ZHOFRPHG E\ DOPRVW DOO RI WKH
LQWHUYLHZHHVDVD YDOXDEOHQHZUHVRXUFH IRU3UR5DLO DVDQRUJDQL]DWLRQ7KHDVSHFWRI WKHPXOWLSOD\HU
JDPLQJ VLPXODWLRQ WKDW SURPSWHG D SDUWLFXODUO\ SRVLWLYH UHVSRQVH ZDV WKH RSSRUWXQLW\ WR WHVW WKH
IHDVLELOLW\ RI WLPHWDEOHV FRQWURO FRQFHSWV DQG H[FHSWLRQDO VLWXDWLRQV LQ D VHWWLQJ WKDW LQFOXGHV VHYHUDO
OD\HUV RI PDQDJHPHQW DQGRU FRQWURO DUHDV 7KH DVSHFW RI WKH VLQJOHSOD\HU JDPLQJ VLPXODWLRQ WKDW
SURPSWHG D SDUWLFXODUO\ SRVLWLYH UHVSRQVH ZDV WKH RSSRUWXQLW\ WR WUDLQ DQG SUDFWLFH LQ UHODWLRQ WR
H[FHSWLRQDO VLWXDWLRQV DQG IXWXUH WLPHWDEOHV DQG LQIUDVWUXFWXUHV LQ DQ RIIOLQH VHWWLQJ XVLQJ VLPXODWHG
WUDLQV
$QLPSRUWDQWDVSHFWRIERWKWKHPXOWLSOD\HUDQGVLQJOHSOD\HUJDPLQJVLPXODWLRQLVWKHRSSRUWXQLW\WR
FRPPXQLFDWHLGHDV:KLOHDVOLGHVKRZFDQFRPPXQLFDWHDPHVVDJHDJDPLQJVLPXODWLRQHQDEOHV\RXWR
H[SHULHQFH LW IRU \RXUVHOI7KHDVSHFWVDERXWZKLFK LW LV VRPHWLPHVGLIILFXOW WRFRPPXQLFDWHDWSUHVHQW
LQFOXGHWKHLPSDFWRIQHZWLPHWDEOHVRQDOOFDWHJRULHVRIHPSOR\HHVWKHQHHGIRUSUHFLVLRQLQFDUU\LQJ
RXW WDVNV HPSOR\HHV WKH LQIOXHQFH RI GLVUXSWLRQV RQ WKH QHWZRUN DV D ZKROH JHQHUDO SXEOLF DQG WR
H[SHULHQFH WKH NH\ DVSHFWV RI 7UDIILF &RQWURO  &DSDFLW\ 0DQDJHPHQW JHQHUDO SXEOLF $W SUHVHQW
YLVXDOL]DWLRQV RI WUDLQ IORZ PRGHOV VXFK DV )5,62 DQG 6,021( 0LGGHONRRS DQG /RHYH  DUH
DYDLODEOHEXWLWLVQRWSRVVLEOHWRH[SHULHQFHWKHVHDVSHFWVE\VLWWLQJDWWKHFRQWUROV7KHRSSRUWXQLW\IRU
FRPPXQLFDWLRQJLYHVHPSOR\HHVWKHFKDQFHWRSOD\DUROHWKDWWKH\GRQRWKDYHLQUHDOLW\7KLVFDQKHOS
FODULI\GLIIHUHQWSRLQWVRIYLHZ
7KHLQWHUYLHZVDOORZHGXVWRDUULYHDWDIUDPHZRUNIRUWKHILUVWSKDVHRIDSURVSHFWLYHUDLOZD\JDPLQJ
VXLWH 7KH)XUWKHU5HVHDUFKVHFWLRQ SUHVHQWV WKH UDQJH RI SRVVLELOLWLHV WKDW OHDG WR D JDPLQJ VXLWHZLWK
PXOWLSOD\HUDQGVLQJOHSOD\HUJDPLQJVLPXODWLRQV)RUWKHSURFHVVRILQWURGXFLQJJDPLQJVLPXODWLRQLWLV
LPSRUWDQWWRQRWHWKDWRQFHWKHFRQWUDFWZDVVLJQHGWKHXUJHWRJHWDUHDOO\JRRGVWDUWHUEHFDPHPRUHDQG
PRUHSURPLQHQW7KHIROORZLQJFDVHZDVDPDNHRUEUHDNFDVHJLYHQWKHVWUDWHJLFSRVLWLRQRIWKHSURMHFW
(70(7
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2QHRIWKHWZRVWUDWHJLFLQQRYDWLRQWUDMHFWRULHVWRFRPHWRWKHGHVLUHGFDSDFLW\LQFUHDVHLVWKHSURJUDP
WRFRPHWRDPHWUROLNH WLPHWDEOHRQ WKHPDMRUFRUULGRUV2Q WKH$PVWHUGDP±(LQGKRYHQFRUULGRU WKLV
SURJUDP LV WLWOHG µ(YHU\ 7HQ 0LQXWHV $ 7UDLQ¶ (ONH 7LHQ 0LQXWHQ (HQ 7UHLQ ± LQ 'XWFK VKRUWO\
(70(7 ,Q WKH IDOO RI  WKH ODUJHVW WUDLQ RSHUDWRU1DWLRQDO5DLOZD\V 16 DQG3UR5DLO WHVWHG WKLV
FRQFHSWIRUDIXOOPRQWKLQWKHUHDORSHUDWLRQ7KLVSURJUDPUHTXLUHGVXEVWDQWLDOSUHSDUDWLRQDQGJDPLQJ
VLPXODWLRQZDVVHOHFWHGWKURXJKWKHVHQLRUVWDIILQYROYHGLQHDUOLHUJDPHVWRDQVZHUTXHVWLRQVDERXWWZR
ZD\VRIKDQGOLQJDPDMRUGLVUXSWLRQXQGHUWKHQHZWLPHWDEOH7KLVUHVXOWHGLQWKH(70(7*DPH
GHVFULEHGLQ7DEOH

7DEOH&RUHGHVFULSWLRQRI(70(7*DPH

&RUHDVSHFW 'HVFULSWLRQ
3XUSRVH 7HVWLQJ WKH GLIIHUHQFHV EHWZHHQ WZR PHFKDQLVPV RI
KDQGOLQJ D PDMRU GLVUXSWLRQ XQGHU +LJK )UHTXHQF\
7UDQVSRUWVFKHGXOLQJ
5ROHV 7UDLQ WUDIILF FRQWUROOHUV 3DVVHQJHU LQIRUPDWLRQ 'ULYHU
UHVFKHGXOLQJ 5ROOLQJ 6WRFN UHVFKHGXOLQJ 3ODWIRUP
FRRUGLQDWRU1HWZRUNFRQWUROOHU6HUYLFHFRQWUROOHU
RISOD\HUV  LQUROH LQVXSSRUW UROHVLQDQDORJVLPXODWRUFHQWHU
REVHUYHUVKRVWJDPHOHDGHU
2ZQUHDOILFWLWLRXVUROH 2ZQ UROHV LQYLWHGRQSHUVRQDO WLWOH KRZHYHUZLWK VXSSRUW
RIPDQDJHPHQW
6FHQDULRV VFHQDULRVILUVWWKHµROG¶ZD\DQGWKHQDQHZPHFKDQLVP
,QWHUYHQWLRQUDQJH )DFLOLWDWRUVFRXOGVWDUWVWRSDQGSDXVHWKHVFHQDULRV
6LPXODWHGZRUOG 'HWDLOHG LQIUDVWUXFWXUH 8WUHFKW  *HOGHUPDOVHQ GHWDLOHG
KLJKIUHTXHQF\ WLPHWDEOLQJ HVVHQWLDOV RI FRPPXQLFDWLRQ
OLQHVEHWZHHQGLIIHUHQWRIILFHVLQYROYHG6W\OL]HGSDVVHQJHU
IORZ
5RXQGEDVHGFRQWLQXRXV &RQWLQXRXV
RIVHVVLRQV VHVVLRQIXOOGD\
7\SHRIGDWDJHQHUDWHG 4XDQWLWDWLYH DQG TXDOLWDWLYH WHVWLQJ K\SRWKHVHV DERXW
GLIIHUHQFHVEHWZHHQPHFKDQLVPV
&RQVHTXHQFHV 3URSRVHG VROXWLRQ DEDQGRQHG EDVHG RQ GDWD JHQHUDWHG LQ
WKHJDPLQJVHVVLRQ

,QWKH(70(7*DPHZHVLPXODWHGWKHWUDLQIORZDQGDOOSURFHVVHVDQGLQWHUDFWLRQVLQWKHWUDLQ
FRQWUROSHUVRQQHODQGUROOLQJVWRFNSURFHVVHV7KHZLVKZDVWRKDYHWKHWUDLQWUDIILFFRQWUROOHUVZRUNLQJ
RQJDPLQJPRGXOHV VLPLODU WR WKHRQH LQ WKH5DLOZD\%ULGJH*DPH6RRQGXULQJ WKH GHYHORSPHQWZH
IRXQG RXW WKDW WKH XQGHUO\LQJ UDLO WUDIILF VLPXODWRUV DYDLODEOH GLG QRW VXSSRUW WKH UHTXLUHG DFWLRQV RI
WXUQLQJDURXQGVNLSSLQJDVHUYLFHRUUHQXPEHULQJUROOLQJVWRFNWRGLIIHUHQWWUDLQVHUYLFHV7KHUHIRUHWKH
GHFLVLRQZDVPDGHWRFUHDWHDFRPSOHWHPDQXDODQDORJVLPXODWRUREVHUYHGZLWKFDPHUDVRYHUKHDGWKH
LQIUDVWUXFWXUHPDSVGLVWULEXWLQJYLHZVVLPLODUWRWKHUHJXODUFRPSXWHUYLVXDOL]DWLRQVWRWKUHHURRPVZLWK
RSHUDWRUV
7KHVHVVLRQGHOLYHUHGWKHGDWDUHTXLUHGWRDQVZHUWKHTXHVWLRQRQWKHGLIIHUHQFHVEHWZHHQWZRPHWKRGV
RI KDQGOLQJ DPDMRUGLVUXSWLRQ7KHSURMHFWPDQDJHPHQW DVVXPHG WKH QHZPHWKRG WREHEHQHILFLDO IRU
UHVLOLHQFHKRZHYHUWKH\SURYHGZURQJ'XULQJWKHJDPLQJVHVVLRQDOOVHQLRUPDQDJHPHQWRI3UR5DLODQG
16 LQYROYHGFDPHE\DQGVWDWHG WKHLU LPSUHVVLRQZLWK WKH LQWHJUDWLYHDQGFRQFHUWHGZD\RI VLPXODWLQJ
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RUJDQL]DWLRQDOO\ KHDYLO\ VHSDUDWHG RIILFHV DQG SURFHVVHV 7KH FDVH SURYHG WR OLYH XS WR WKH KLJK
H[SHFWDWLRQVVXUURXQGLQJWKHSURMHFWWKXVVDIHJXDUGLQJWKHNLFNRII
0HWKRGRORJLFDOFKDOOHQJHV
7KHH[SHULHQFHVZLWKWKHJDPHVPHQWLRQHGDERYHKDYHFRQIURQWHGWKHUHVHDUFKWHDPZLWKDVHULHVRI
PHWKRGRORJLFDOFKDOOHQJHV:HIUDPHWKHVHFKDOOHQJHVDVDUHVXOWRIWKHILUVWSKDVHDVWKH\FRXOGDSSHDU
IURP JDLQLQJ H[SHULHQFH ZLWK WKH SDUWLFXODU FRQWH[W DFWXDOO\ FDUU\LQJ RXW H[SHULPHQWV LQ WKH UHDO
RUJDQL]DWLRQ7KHFKDOOHQJHVFDQEHGHVFULEHGLQIRXUFDWHJRULHV
7LPLQJDQGUROHRIJDPLQJVLPXODWLRQ
*LYHQWKHSRVLWLYHRXWFRPHVRIWKHSURMHFWVGHVFULEHGJDPLQJVLPXODWLRQJDLQHGDQDXUDRIDµJROGHQ
WRRO¶IRUVROYLQJFRPSOH[PXOWLOD\HUHGRSHUDWLRQDOLVVXHV7LPHQHHGVWREHVSHQWWRLGHQWLI\ZKHUHZKDW
DQGZK\ WKLVPHWKRGFDQ UHDOO\FRQWULEXWH WR LPSURYH WKH LQQRYDWLRQFDSDFLW\RI WKHRUJDQL]DWLRQ7KH
EUHDWK RI WKH IRXU FDVHV PHQWLRQHG DERYH JLYH D ILUVW LQGLFDWLRQ RQ WKH SRWHQWLDO YDOXH IRU HYDOXDWLQJ
GHVLJQV DQG WHVWLQJ K\SRWKHVHV 7KH RWKHU WKUHH XVHV RI JDPLQJ PHQWLRQHG DERYH DUH VWLOO RSHQ DQG
SRVVLEOHDVZHOO&RPSDULVRQVZLWKRWKHUPHWKRGVWRVXSSRUWGHFLVLRQPDNLQJQHHGWREHGRQHWRSRVLWLRQ
JDPLQJ
6RIWZDUHJDPHPRGXOHV
2YHUFRPLQJ LQWHUIDFH LVVXHV DQG ZLWK WKDW WKH FRJQLWLYH FDSDELOLWLHV IRU VLWXDWLRQDO DZDUHQHVV RI
RSHUDWRUVFDQEHVROYHGXVLQJVRIWZDUHJDPHPRGXOHVWKDWHPXODWHDUHDOZRUNSODFHRIIRULQVWDQFHDWUDLQ
GULYHURUWUDLQWUDIILFFRQWUROOHU7KHVHPRGXOHVQHHGWRLQWHUFRQQHFWZLWKWUDIILFVLPXODWLRQPRGHOVHDFK
RWKHU DQG LQIUDVWUXFWXUH LQIRUPDWLRQ GDWDEDVHV %HFDXVH RI WKH FXUUHQW VWDWH RI DFFHSWHG PRGHOV DQG
WHFKQRORJ\ DW 3UR5DLO RXU SURMHFW ZLOO LQWHJUDWH V\VWHPV WKURXJK +/$ UXQWLPH LQIUDVWUXFWXUHV 7KLV
UHTXLUHVUHVHDUFKLQWRGLVWULEXWHGGLVFUHWHVLPXODWLRQDQGJDPLQJDQGDUHDWKDWVRIDUKDVUHFHLYHGOLWWOH
DWWHQWLRQDSDUWIURPWKHPLOLWDU\$VKDUHG)HGHUDWLRQ2EMHFW0RGHODQGGDWDGLFWLRQDU\LQDEURZQILHOG
VLWXDWLRQ OLNH WKH UDLOZD\V LVQRWRULRXVO\KDUGDQG UHTXLUHVDGDSWDWLRQV WR WKHPHWKRGV WKDWH[LVW LQ WKLV
ILHOGOLNH'6((3DQG)('(3,(((
9DOLGDWLRQ
7KH VHVVLRQV XVXDOO\ UXQ RQO\ RQFH'UDZLQJ FRQFOXVLRQV RQ MXVW RQH VHVVLRQ SXWV HPSKDVLV RQ WKH
YDOLGLW\RIWKHEHKDYLRUREVHUYHGDQGGHFLVLRQVPDGHLQWKHVLPXODWLRQ7KHQXPEHURISHRSOHWRYDOLGDWH
DIXOOJDPHZLWKLVOLPLWHGLQWHUPVRIDYDLODELOLW\WKH\ZRUNLQGHRSHUDWLRQDQGFRVWVYDOLGDWLRQ
DSSURDFKHV QHHG WR EH GRQH GLIIHUHQWO\ %\ PRGXODUL]LQJ WKH WRRONLW RI JDPLQJ LQWR VXEPRGHOV DQG
VRIWZDUHFRPSRQHQWVYDOLGDWLRQRIWKHFRPSRQHQWVFDQEHGRQHRXWVLGHRIWKHILQDOJDPHVHVVLRQV:RUN
RQ WKH YDOLGDWLRQ UHTXLUHV GHHSHU XQGHUVWDQGLQJ RI WUDLQ WUDIILF FRQWURO DQG WUDLQ GULYHU EHKDYLRU 7KLV
HQFRPSDVVHVWKHNQRZOHGJHEDVHLQWKHRUJDQL]DWLRQ:RUNRQWKLVJLYHVPHWKRGRORJLFDOFKDOOHQJHVWKDW
JREH\RQGWKHOLWHUDWXUHRQJDPLQJPHWKRGRORJ\3HWHUVHWDO
'HYHORSPHQWVSHHG
3UR5DLO XVHV D YHUVLRQ RI 35,1&( SURMHFWPDQDJHPHQW 7KLV OHDGV WR DQ RUJDQL]DWLRQZLWKPDQ\
SURMHFWVRI±PRQWKGXUDWLRQ7KHWLPHEHWZHHQWKHIRUPXODWLRQRIDTXHVWLRQDQGWKHGHDGOLQHIRU
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WKHDQVZHULVXVXDOO\VRVKRUWWKDWGHYHORSLQJVSHFLDOVRIWZDUHWRROVSURYHVLPSRVVLEOH&KDOOHQJHVDUH
DKHDG DQG DFWXDOO\ H[SHULHQFHG DOUHDG\ WR PDWFK WKH GHPDQG LQ WKH RUJDQL]DWLRQ ZLWK WKH VXSSO\
JHQHUDWHG LQ WKH IRXU\HDU SURMHFW ,Q LQQRYDWLRQ WKLV LV WKH WUDGLWLRQDO JDS EHWZHHQ FUHDWLQJPDUNHW RU
GHPDQGIRUQHZWRROLQJDQGWKHFDSDELOLW\WRGHOLYHULW7KHSURMHFWKDVWRILQGZD\VWRPDQDJHWKLV
&RQFOXVLRQV
7KH VHTXHQFH RI IRXU JDPLQJ VLPXODWLRQ SURMHFW OHG WR D VXFFHVVIXO LQWURGXFWLRQ LQ WKH 3UR5DLO
RUJDQL]DWLRQRI WKHJDPLQJPHWKRG)XOO VXSSRUW KDV OHG WR D IRXU\HDU SDUWQHUVKLSEHWZHHQ DFDGHPLFV
DQGWKHRSHUDWLRQWRPDNHJDPLQJVXLWHGIRU3UR5DLODQG3UR5DLOVXLWHGIRUJDPLQJ7KLVKRZHYHUSURYHV
WREHIDUIURPWULYLDODQGUDLVHVIRXUFDWHJRULHVRIPHWKRGRORJLFDOLVVXHVWREHWDFNOHGDORQJWKHSURMHFW
2QFHWKLVSURMHFWKDVEHHQFDUULHGRXW3UR5DLOZLOOKDYHDW LWVGLVSRVDODJDPLQJVXLWHWKDWFRQQHFWV
ZLWK H[LVWLQJ UDLO WUDIILF VLPXODWRUV 7KH JDPLQJ VXLWH ZLOO PDNH LW SRVVLEOH WR FRQILJXUH D JDPH
VLPXODWLRQVHVVLRQZLWKRXWWKHQHHGWRFDOOLQRXWVLGHH[SHUWLVHE\VHOHFWLQJWLPHWDEOHVORFDWLRQVDFWRUV
GXUDWLRQ DQG PHDVXUHPHQW YDULDEOHV 7KH JDPLQJ VXLWH FDQ EH XVHG IRU WZR W\SHV RI DSSOLFDWLRQV
GHFLVLRQPDNLQJ VXSSRUW MRLQW IDFWILQGLQJ DQG WUDLQLQJHGXFDWLRQ 7KH\ FDQ DOVR EH XVHG IRU D
FRPELQDWLRQRIWKHWZRHGXFDWLRQDQGGHFLVLRQPDNLQJVXSSRUW
)RU GHFLVLRQPDNLQJ WKH UDLOZD\V JDPLQJ VXLWH DLPV WR ³UHKHDUVH WKH IXWXUH´ E\ XVLQJ VLPXODWLRQ
PRGHOV LQIRUPDWLRQ V\VWHPV DQDO\WLFDOPHWKRGV JDPHV DQGRWKHU LQWHUDFWLYH WHFKQLTXHV DORQJVLGH WKH
H[LVWLQJGHFLVLRQPDNLQJSURFHVVHV7KHNH\ IHDWXUH LV WKHSRVVLELOLW\ WRFUHDWH µZKDWLI¶VFHQDULRV7KH
RXWFRPHVRI WKHVH VFHQDULRV VXSSRUW WKHGHFLVLRQPDNLQJSURFHVVE\SURYLGLQJDQXQGHUVWDQGLQJRI WKH
SUREOHPVDQGWKHSURVDQGFRQVRIWKHSRVVLEOHVROXWLRQV2WKHUDSSOLFDWLRQVDQGOLPLWDWLRQVQHHGIXUWKHU
H[SORUDWLRQ
$FNQRZOHGJHPHQWV
7KLV UHVHDUFKKDVEHHQIXQGHGE\3UR5DLODQG WKH1H[W*HQHUDWLRQ,QIUDVWUXFWXUH)RXQGDWLRQ1*,
6SHFLDOWKDQNVJRRXWWRWKHWHDPPHPEHUVERWKRQWKHVLGHRI3UR5DLO-HOOHYDQ/XLSHQ(PG]DG6HKLF
WKH VWHHULQJ FRPPLWWHH DPRQJVWPDQ\RWKHUV DQG WKH VLGHRI78'HOIW 5HQV.RUWPDQQ ,JRU0D\HU
$OH[DQGHU 9HUEUDHFN %DV YDQ 1XODQG *HUW -DQ 6WRON DQG WKH *DPH /DE DR 5HVHDUFK OLNH WKLV LV
WHDPZRUN
5HIHUHQFHV

$OEUHFKW77KH,QIOXHQFHRI$QWLFLSDWLQJ7UDLQ'ULYLQJRQWKH'LVSDWFKLQJ3URFHVVLQ5DLOZD\
&RQIOLFW6LWXDWLRQV,Q1HWZRUNVDQG6SDWLDO(FRQRPLFV6SULQJHUYROSDJHV
%HNHEUHGH*DQG,60D\HU%XLOG\RXUVHDSRUWLQDJDPHDQGOHDUQDERXWFRPSOH[V\VWHPV,Q
-RXUQDORIGHVLJQUHVHDUFKSS
%HNHEUHGH*DQG6$0HLMHU)RUWKFRPLQJ*DPLQJIRULQQRYDWLRQLQWKHKHDOWKLQVXUDQFHVHFWRU
'H)UHLWDV6DQG02OLYHU+RZFDQH[SORUDWRU\OHDUQLQJZLWKJDPHVDQGVLPXODWLRQVZLWKLQWKH
FXUULFXOXPEHPRVWHIIHFWLYHO\HYDOXDWHG"&RPSXWHUVDQG(GXFDWLRQ
&%6+RHGUXN LV KHW QXZHUNHOLMNRSKHW1HGHUODQGVH VSRRU"+HW1HGHUODQGVH VSRRUJHEUXLN LQ
YHUJHOLMNLQJPHWGHUHVWYDQGH(8(GLWRUV35DPDHNHUV7GH :LW03RXZHOV1HWKHUODQGV
6WDWLVWLFV%XUHDX&%6±LQ'XWFK
'XNH5'*DPLQJWKHIXWXUH¶VODQJXDJH6DJH%HYHUO\+LOOV/RQGRQ
'XNH 5' DQG -/$*HXUWV  3ROLF\ JDPHV IRU VWUDWHJLF PDQDJHPHQW'XWFK8QLYHUVLW\ 3UHVV
$PVWHUGDP7KH1HWKHUODQGV
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*DUWQHU  &DVH 6WXG\ ,QQRYDWLRQ 6TXDUHG 7KH 'HSDUWPHQW IRU :RUN DQG 3HQVLRQV 7XUQV
,QQRYDWLRQ ,QWR D *DPH $FFHVVHG WKURXJK WKH ZHE 
KWWSZZZJDUWQHUFRP'LVSOD\'RFXPHQW"LG 
*RYHUGH 503  3XQFWXDOLW\ RI 5DLOZD\2SHUDWLRQV DQG 7LPHWDEOH 6WDELOLW\ $QDO\VLV 75$,/
5HVHDUFK6FKRRO'HOIW,6%1
+DOH $ DQG 7 +HLMHU  ,V 5HVLOLHQFH 5HDOO\ 1HFHVVDU\" 7KH &DVH RI 5DLOZD\ ,Q 5HVLOLHQFH
HQJLQHHULQJ FRQFHSWV DQG SUHFHSWV +ROOQDJHO ( '':RRGV	1DQF\ /HYHVRQ HGV $VKJDWH
3XEOLVKLQJ+DPSVKLUH8.SS±
+LOWEUDQG 7 DQG 0 %XUNH  +RZ *DPLILFDWLRQ ZLOO FKDQJH %XVLQHVV ,QWHOOLJHQFH %XVLQHVV
,QWHOOLJHQFH-RXUQDO9RO
+ROOQDJHO ( '':RRGV 	 1DQF\ /HYHVRQ  5HVLOLHQFH HQJLQHHULQJ FRQFHSWV DQG SUHFHSWV
$VKJDWH3XEOLVKLQJ+DPSVKLUH8.
,(((,(((5HFRPPHQGHG3UDFWLFHIRU'LVWULEXWHG6LPXODWLRQ(QJLQHHULQJDQG([HFXWLRQ3URFHVV
'6((3,(((6WG±,(((([SORUH
.ODEEHUV-+*6LPXODWLRQDQGJDPLQJLQWURGXFWLRQWRWKHDUWDQGVFLHQFHRIGHVLJQ6LPXODWLRQ
DQG*DPLQJ
.ODEEHUV -+* 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